To characterize further vasoactive intestinal peptide (VIP) as the prolactin-releasing factor in avian species, the present study examined hypothalamic VIP transcription and plasma prolactin (PRL) levels during the turkey reproductive cycle. The contribution of transcription to hypothalamic VIP mRNA steady-state levels and VIP content in response to gonadal stimulating photoperiod was also investigated. Nuclear run-on transcription assays were performed using nuclei isolated from hypothalami. Cytoplasmic VIP mRNA levels, and VIP content in the median eminence and plasma PRL levels were determined by Northern blot analysis and radioimmunoassays respectively. The alterations in VIP transcription mirrored the changes in cytoplasmic VIP mRNA and VIP content during the reproductive stages. VIP transcription, cytoplasmic VIP mRNA level and VIP content were lowest in non-photostimulated birds, higher (P<0·05) in laying hens, and greatest (P<0·05) in incubating birds. These increases paralleled the changes in circulating plasma PRL levels. Changes in VIP transcription (P>0·05) were not observed during the transition from incubation to photorefractoriness, even though there was a sharp decline in circulating plasma PRL levels (P<0·05). Following photostimulation, VIP transcription, cytoplasmic VIP mRNA levels, and VIP content increased as the hens progressed towards sexual maturity (P<0·05), and these increases were correlated with an increased plasma PRL level. These results suggest that VIP is regulated in large part at the transcriptional level during the turkey reproductive cycle and that this transcriptional regulation is coupled to the photo-induced increase in PRL secretion.
INTRODUCTION
Vasoactive intestinal peptide (VIP), a highly conserved octacosapeptide, was originally isolated from porcine small intestine (Said & Mutt 1970) . As in mammals, chicken and turkey VIP also contains 28 amino acids; however, there are 4 amino acid substitutions (Nilsson 1975) . Both chicken and turkey VIP cDNAs have recently been sequenced (Talbot et al. 1995 , You et al. 1995 ; the open reading frame comprises 165 amino acids. Chicken and turkey VIP share complete amino acid homology and are 98% homologous at the nucleotide level. VIP mRNA may exist with or without peptide histidine isoleucine (PHI). Both mRNA forms were found in the chicken gut and the hypothalamus. In contrast, the short form was found only in the turkey hypothalamus and comprised 4-6% of all VIP transcripts.
In Aves, the hypothalamus exerts the principal stimulatory influence upon prolactin (PRL) secretion. The avian hypothalamus contains dense concentrations of VIP-immunoreactive cells and fibers localized in the infundibular nuclear complex (INF) and the external layer of the median eminence (Yamada et al. 1982 , Peczely & Kiss 1988 , Mauro et al. 1989 . Several lines of evidence support VIP as the hypophysiotropic PRL-releasing factor (PRF) in birds (for review see El . Changes in hypothalamic VIP immunoreactivity, VIP content and VIP mRNA steadystate level are associated with circulating PRL levels during the turkey reproductive life cycle (Mauro et al. 1989 , 1992 , You et al. 1995 . It has become increasingly evident that an examination of VIP mRNA at the level of transcription is needed for a better understanding of VIP regulation of PRL secretion. The present study was designed to examine the hypothesis that alteration in hypothalamic VIP transcription is an important contributor to VIP mRNA abundance during the turkey reproductive cycle.
MATERIALS AND METHODS

Experimental animals and design
Adult large white female Nicholas turkeys were used in all experiments. The birds were 54 weeks old and weighed 10·8-12·3 kg. Hens were divided into five groups according to their reproductive status. Non-photostimulated birds (NPS) were exposed to a photoperiod of 8 h light:16 h darkness (8L:16D) for at least 8 weeks. Photostimulated birds (PS) were exposed to a lighting regimen of 16L:8D for 10 days. Laying birds (LAY) were characterized by oviposition at least every other day. Incubating birds (INC) were consistently found in the nest 6 times per day without any eggs. Photorefractory birds (REF) were exposed to a light regimen of 16L:8D, did not lay any eggs and had molted. Two experiments were conducted. To determine VIP transcription across the reproductive cycle, the nuclear run-on transcription assay was performed using hypothalami from NPS, LAY, INC, and REF turkeys (8 birds/group). Plasma PRL levels and median eminence VIP contents were measured by radioimmunoassays and the cytoplasmic VIP mRNA levels were determined by Northern blot analysis. To investigate the effect of photostimulation upon VIP transcription, hypothalami were collected from hens prior to photostimulation, 10 days after photostimulation, and at the onset of sexual maturity as judged by first oviposition (6 birds/group). Hypothalamic VIP transcription, cytoplasmic VIP mRNA levels, VIP contents, and plasma PRL were then determined.
Hypothalami preparation
After blood samples were taken, turkeys were killed by euthanasia injection (pentobarbital sodium, 6 g/ml, Anpro Pharmaceutical, Arcadia, CA, USA). The brain was immediately dissected intact from the skull, and the pituitary gland was detached under microscopic guidance to prevent any loss of median eminence tissue. The optic chiasma was dissected away from the ventral surface of the brain to expose the underlying hypothalamus. A block of tissue, limited rostrally by the septomesencephalic tract and caudally by the posterior border of the mammillary bodies was removed. The block extended laterally 2 mm from the midline on each side. The block was 4 mm deep at its caudal end and 2 mm deep rostrally. This area included the median eminence, hypothalamus, and preoptic hypothalamus. The median eminence was separated from the hypothalamus under microscopic guidance, frozen in liquid nitrogen and stored at 80 C until assayed for VIP content. The hypothalami were frozen in liquid nitrogen and kept at 80 C for the determination of VIP transcription by nuclear run-on transcription assay and cytoplasmic VIP mRNA levels by Northern blot analysis.
Nuclear run-on transcription assay
The hypothalami were homogenized and cellular components were fractionated by centrifugation through a sucrose gradient as described by O'Conner & Wade (1992) . The resulting nuclear pellets were resuspended in nuclear storage buffer, snap frozen in liquid nitrogen, and stored at 80 C until the nuclear run-on transcription assay was performed. The supernatant was fractionated by centrifugation (3400 g for 30 min) to pellet cell debris and the resulting supernatant containing cytoplasmic mRNA was extracted with phenolchloroform-isoamyl alcohol. The RNA was precipitated, washed with ethanol, resuspended in diethyl pyrocarbonate-treated water and stored at 80 C until used for Northern blot analysis.
The nuclear run-on transcription assay was performed as described by O'Conner & Wade (1992) with minor modifications. Briefly, the transcription reaction contained 10-12 10 6 nuclei in a mix of transcription buffer, ATP, GTP, CTP, [ -32 P]UTP, and was incubated for 45 min at 26 C prior to termination with DNase, then deproteinized with proteinase K. The nascent RNA was extracted using RNA STAT-50 LS (TelTest, Friendswood, TX, USA), and the RNA pellet was washed three times with 1 M NH 4 OAC and absolute ethanol to remove unincorporated [ -32 P]UTP. The labeled VIP mRNA was quantified by hybridization to a turkey VIP cDNA (tVIP cDNA; 2 µg/well) which was previously immobilized on a nitrocellulose membrane (Schleicher and Schuell, Keene, NH, USA) employing the slot blot procedure described by Ausubel et al. (1989) . Turkey VIP cDNA probe contained 27 bp of the 5 -untranslated region (UTR), 495 bp of coding sequence (encodes VIP and PHI), 282 bp of 3 -UTR, and 8 bp poly(A) track. Northern blot analysis revealed a processed turkey VIP transcript of approximately 900 bases, when hybridized to tVIP cDNA (You et al. 1995 c.p.m. per reaction). The linearized DNA from the cloning vector Ptz 18R was used as a negative control and turkey -actin cDNA was used as a positive control. After hybridization for 72 h at 42 C, membranes were washed twice with 2 standard saline citrate (SSC), 0·5% sodium dodecyl sulfate (SDS) for 5 min at room temperature, once with 2 SSC, 0·1% SDS for 1 h at 65 C, once with 0·1 SSC, 0·5% SDS for 15 min at 65 C, once with 0·1 SSC, 0·5% SDS for 45 min at room temperature, and exposed to Kodak XAR-5 film (Eastman Kodak, Rochester, NY, USA) at 80 C for 2 weeks. The band intensity of hybridization for nascent VIP and -actin mRNA was quantified by densitometric scanning (Model 4000, Ambis Inc., San Diego, CA, USA) as arbitrary densitometric units (ADU) and VIP intensity value was then normalized by dividing by the intensity value of the -actin mRNA band. Values were expressed as the ratio of nascent VIP/ -actin mRNA (mean ...).
Northern blot analysis
Cytoplasmic VIP mRNA level was analyzed by Northern blot according to the method of Sambrook et al. (1989) . Briefly, total RNA (5 µg/lane) was denatured in gel running buffer at 65 C for 15 min, fractionated on a 1% agarose denaturing gel, and Northern transferred. The nylon membrane (GeneScreen, Dupont, MA, USA) was then prehybridized for 6-8 h and probed with the tVIP cDNA insert previously described in the nuclear run-on assay that had been labeled by nick translation (Rigby et al. 1977) at 42 C for 18-20 h. After hybridization, the filter was washed once for 5 min in 2 SSC at room temperature, once for 45 min in 2 SSC, 1% SDS at 52 C, and once for 45 min in 0·2 SSC, 1% SDS at 52 C. The membranes were air-dried and exposed to Kodak XAR-5 film (Eastman Kodak) with intensifying screens at 80 C for 1 week. After autoradiography, the membranes were boiled for 30 min in 0·1 SSC, 1% SDS to remove the VIP probe and rehybridized with a nick-translated turkey -actin insert. The band intensity of hybridization for cytoplasmic VIP and -actin mRNA levels was quantified from autoradiographs using a scanning densitometer (Model 4000, Ambis Inc.) as ADU and the VIP mRNA band intensity value was normalized by dividing it by the band intensity value of the -actin mRNA band. Values were expressed as the ratio of cytoplasmic VIP/ -actin mRNA (mean ...). (  125 ITyr   10 )VIP was prepared by the Iodogen method (McMaster et al. 1987 , Rozenboim et al. 1993 . Median eminence tissue extractions were prepared according to the method of Mauro et al. (1992) . VIP radioimmunoassay was carried out by means of a self-displacement double-antibody RIA (Mauro et al. 1992) .
VIP radioimmunoassay
PRL radioimmunoassay
A blood sample was collected from each bird and fractionated by centrifugation. The plasma was decanted and frozen at 20 C until analyzed for PRL using the homologous radioimmunoassay described by Proudman & Opel (1981) .
Statistical analysis
Statistical analysis for measuring VIP gene transcription by nuclear run-on assay was performed using an incomplete block design. Significant differences in mean nascent VIP mRNA level among treatment groups was assessed using Tukey's Studentized Range Test at a significance level of =0·05. Plasma PRL levels, VIP contents, and cytoplasmic VIP mRNA levels were analyzed using Tukey's Studentized Range Test within the General Linear Models Procedure of the Statistical Analysis System (SAS Institute 1989). A P value of less than 0·05 was considered statistically significant. Results are expressed as means ...
RESULTS
VIP transcription during the turkey reproductive cycle
Circulating plasma PRL levels were lowest in NPS (4·59 0·71 ng/ml), higher in LAY (226·79 14·19 ng/ml, P<0·05) and greatest in INC (791·82 9·83 ng/ml, P<0·05) (Fig. 1) . When the birds became REF, plasma PRL levels declined (9·62 3·08 ng/ml, P<0·05). VIP concentration in the median eminence (Fig. 2a) 
Effects of gonadal stimulating photoperiod upon hypothalamic VIP transcription
Mean plasma PRL levels in NPS were 8·04 1·32 ng/ml. After 10 days of photostimulation, plasma PRL increased but not significantly (P>0·05) to 90·37 4·81 ng/ml, reaching a level of 326·41 40·84 ng/ml at the onset of egg laying (P<0·05, Fig. 4 ). VIP concentration in the median eminence was 3·6-fold greater in PS compared with NPS (P>0·05), and was significantly elevated in LAY (12·1-fold, P<0·05, Fig. 5a ). As in median eminence VIP concentrations, the cytoplasmic VIP mRNA steady-state level in the hypothalamus was 2·1-fold (P>0·05) and 6·7-fold (P<0·05) greater in PS and LAY respectively, than that found in NPS (Figs 5b, 6a) . Nascent VIP mRNA was increased 1·8-fold (P<0·05) in PS, and 2·9-fold (P<0·05) in LAY compared with NPS (Figs 5c, 6b) . 
DISCUSSION
The results of the present study revealed that changes in hypothalamic VIP transcription during the reproductive cycle were correlated with changes in VIP content and cytoplasmic VIP mRNA, indicating that the VIP steady-state level in the hypothalamus is, in part, transcriptionally regulated. The results further indicated that the VIP-mediated PRL response to photoperiod (El Halawani et al. 1996) was correlated with increased hypothalamic VIP transcription. These findings suggest that VIP may be coupled to, and transcriptionally regulated by, the photoperiodic state of the bird.
Quantification of hypothalamic VIP transcription, steady-state levels of cytoplasmic VIP mRNA, and VIP content in the median eminence during the reproductive cycle revealed a gradual increase in each during the transition from NPS to LAY, with the greatest increases seen in INC and REF. These increases were associated with a coincident increase in plasma PRL levels, except in REF, in which plasma PRL levels were significantly decreased. Similar increases in hypothalamic VIP mRNA steady-state levels have been reported in hyperprolactinemic lactating rats (Gozes & Shani 1986 , Gozes et al. 1989 . The mechanism(s) underlying the changes in hypothalamic VIP during the different stages of the turkey reproductive cycle are far from clear. Presumably, the gradual increase in VIP may, in part, be due to an increase in the rate of VIP transcription, because changes in steadystate levels of hypothalamic VIP mRNA and VIP content in the median eminence were mirrored by changes in nascent VIP mRNA levels in the hypothalamus. It has been shown that increases in preproenkephalin (ppENK) mRNA content and enkephalin peptide over time were associated with an increase in ppENK mRNA transcription in cultures of rat adrenal medullas (LaGamma et al. 1985) . Additionally, depolarizing stimuli, known to decrease enkephalin peptide levels in rat medullas, reduced enkephalin gene transcription. The parallel increases between steady-state levels of transcripts and ppENK gene transcription were also observed when rat adrenal medullas were activated by cholinergic stimulation (Farin et al. 1990 , DeCristofaro et al. 1993 ). It has also been shown that the reduced rate of pituitary adenylate cyclase activating polypeptide (PACAP) gene transcription after hypophysectomy decreased mRNA and peptide levels in the rat hypothalamus (Shuto et al. 1995) . However, the changes in mRNA levels have been shown to be a reflection of changes in transcription and/or mRNA stability (White & LaGamma 1989 , Nielsen & Shapiro 1990 , Shupnik 1995 , Weisinger 1995 . Therefore, it cannot be assumed that the changes in VIP mRNA content observed in the present study are the direct consequence of altered VIP gene transcription only.
Recently, it has been demonstrated that VIP is post-transcriptionally regulated through specific sequences in an adenosine and uracil-rich 3 -UTR in rat pituitary (Wolford & Signs 1995 (Ramesh et al. 1995) . On the other hand, Youngren et al. (1996) recently demonstrated that the differences in VIP concentration in hypophysial portal blood across the reproductive cycle mirrored those of PRL in the general circulation, suggesting that a VIP releasing mechanism(s) may play a major role in determining the magnitude of PRL release.
The observation that photostimulation increased PRL to the same level in both intact and ovariectomized turkeys (El Halawani et al. 1983) suggests that ovarian hormones are not involved in the initial PRL rise, and argues in favor of direct regulation by photoperiod. PRL transcription and the abundance of PRL mRNA has also been shown to increase in the female turkey pituitary upon exposure to a gonadal stimulating photoperiod (Wong et al. 1991 , Tong et al. 1997 . Quantification of hypothalamic VIP revealed an increased content following photostimulation (Mauro et al. 1992) and it has been suggested that VIP mediates the effects of photoperiod on PRL secretion in the turkey (El Halawani et al. 1996) . The present findings demonstrated that median eminence VIP content, hypothalamic cytoplasmic VIP mRNA steady-state levels, and hypothalamic nascent VIP mRNA levels were all increased and correlated with increased PRL secretion following photostimulation. This result lends support to a hypothetical scheme for photoperiodic regulation of PRL in which VIP serves as a PRF that is intimately linked to photoperiodic mechanisms. Furthermore, this result also implies that VIP transcription is coupled to the photoperiodic state of the bird. However, it remains to be established how photoperiodic information is transduced to VIP immunoreactive neurons located in the INF region of the hypothalamus (Mauro et al. 1989) . Whether photoperiodic cues directly influence VIP remains an open question. Silver et al. (1988) have shown that VIP is colocalized with an opsin-like pigment in the INF region of the hypothalamus. This area is thought to contain extraretinal hypothalamic photoreceptors which are important for the induction of seasonal reproductive function in birds (Oksche & Farner 1974 , Oliver & Bayle 1976 , Oliver et al. 1977 . Alternatively, photoperiod may modulate VIP expression by acting upon unknown neuronal circuits that influence VIP transcription. Serotonin stimulated-PRL secretion is mediated via VIP (El Halawani et al. 1995) , and dopamine has been shown to stimulate VIP secretion in vitro from hypothalamic explants (Chaiseha et al. 1997) . In mammals, hypothalamic VIP mRNA levels have been shown to be entrained by the daily light-dark cycle (Okamoto et al. 1991 , Glazer & Gozes 1994 and are influenced by the hormonal milieu of the animal (Gozes & Brenneman 1989) .
In summary, this study presents the first characterization of hypothalamic VIP transcription during the avian reproductive cycle. The changes in VIP peptide content may be attributable to a change in transcription, translation, processing, degradation, or secretion. The changes in steady-state mRNA levels may also be a reflection of changes in transcription and/or mRNA stability. Based on previous and present findings, we conclude that VIP is, in part, regulated at the transcriptional level during the reproductive cycle and that this transcriptional regulation may be coupled to photoperiodic mechanisms. 
